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DETAILED ACTION 

1. This action is responsive to the application filed on January 10, 2002. 

2. The priority date considered for this application is January 10, 2002. 

3. Claims 1-27 have been examined. 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 
set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

5. Claims 1, 2, 4-6, 9-11, 13-15, 18-20, 22-24 are rejected under 35 

U.S.C. 103(a) as being unpatentable over US2003/0079210, by Peter Markstein et 
al. (hereinafter "Markstein"), in view of ' An Experimental Study of Several 
Cooperative Register Allocation and Instruction Scheduling Strategies '. 
International Symposium on Microarchitecture, Proceedings of the 28 th annual 
international symposium on Microarchitecture, pages 169-179, 1995; by Cindy 
Norris and Lori L. Pollock, (hereinafter "Pollock"). 
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CLAIM 

1. A machine-implemented method 
comprising: 

analyzing one or more instructions of a 
program; and 

modifying the program to expand a 
register set for a routine in the 
program. 
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Markstein / Pollock 

Markstein teaches the feature of 
analyzing a program, in Markstein, 
paragraph 48, "the entire source code 
is analyzed to generate a control flow 
graph" {analyzing instructions of a 
program) ; Markstein also teaches 
'expand a register set', in paragraph 6, 
last two sentences, "A prologue and 
epilog typically includes code executed 
before and after a subroutine or 
program. For example, when a prologue 
is executed stack space may be 
allocated for saving necessary context, 
such as saving callee-saved registers. 
When an epilog is executed, the 
compiler may restore any necessary 
registers."; in paragraph 51, "Additional 
register allocation may be needed if a 
single intermediate level instruction 
expands into more than one target level 
instruction". Markstein teaches all 
aspects of claim 1, but he does not 
mention 'modifying program' specifically, 
however, Pollock teaches it in an 
analogous prior art. In Pollock's page 
169, under 1. Introduction', second 
sentence, U A scheduler that rearranges 
code within a basic block (a routine in 
the program) in isolation of the rest of 
the program is called a local scheduler; a 
scheduler that moves instructions 
across basic blocks by considering the 
effects of code movement on a global 
level is called a global scheduler" 
(modifying the program). 
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It would have been obvious to a person 
of ordinary skill in the art at the time of 
the invention was made to supplement 
Markstein's disclosure of the analyzing 
program and expanding registers by 
modifying program taught by Pollock, for 
the purpose of optimizing compilers for 
supporting instruction level parallelism 
(Pollock page 169, under Introduction', 
first sentence). 



2. The method of claim 1, comprising: 
identifying one or more register moves 

for the expanded register set; and 
modifying the program to perform the 

identified one or more register moves. 



4. The method of claim 1, wherein the 
modifying the program comprises 
modifying the program to expand a 
register set for a callee routine of the 
program. 



For the feature of claim 1 see claim 1 
rejection. In Markstein paragraph 9, 
"identifying an operand from the 
intermediate code to store in a real 
register; and selecting an appropriate 
class of real registers to store the 
operand." See claim rejection 1 has for 
'modifying program' feature. 

For the feature of claim 1 see claim 1 
rejection. Again, in Markstein paragraph 
51, "Additional register allocation may 
be needed if a single intermediate level 
instruction expands into more than one 
target level instruction", the additional 
register {expand register set) can be 
for a callee routine or a caller routine. 
See Markstein, paragraph 27, 
"Different classes of real registers may 
include caller-saved registers and 
callee-saved registers. Callee-saved 
registers are preferably used to store 
local variables and stack items", also in 
the same paragraph, "A program may be 
compiled such that a library routine may 
store a temporary computation in a 
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5. The method of claim 4, comprising: 
modifying the program to expand a 
register set for a caller routine that is 
to call the callee routine. 



caller-saved register. Local variables 
and stack items, which are generally 
needed for a longer period of time, are 
stored in callee -saved registers (for a 
callee routine of the program)". 

For the feature of claim 4 see claim 4 
rejection. In Markstein's disclosure 
cited in claim 4 rejection, it covers both 
callee routine and caller routine, and the 
caller routine can call the callee routine. 



6. The method of claim 5, wherein the 
modifying the program to expand a 
register set for the callee routine 
comprises modifying the program to 
expand a register set that includes one 
or more registers of the register set 
for the caller routine. 



For the feature of claim 5 see claim 5 
rejection. For the rest of the claim 6 
feature see claim 4 rejection. 



9. The method of claim 1, comprising: 

modifying the program to store and/or See claim 1 re J ection - 
use data in one or more registers added 
to the register set to help analyze 
execution of the program. 

10. A machine-readable medium having 

instructions that, if executed by a Markstein's FIG. 4 shows a 'machine- 

machine, cause the machine to perform readable ' medium as cited in claim 10. 
a method comprising: For the rest of the Matures see claim 1 

analyzing one or more instructions of a re J ectlon - 
program; and 

modifying the program to expand a 
register set for a routine in the 
program. 
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11. The machine-readable medium of 
claim 10, wherein the method comprises: 

identifying one or more register moves 
for the expanded register set; and 

modifying the program to perform the 
identified one or more register moves. 

13. The machine-readable medium of 
claim 10, wherein the modifying the 
program comprises modifying the 
program to expand a register set for a 
callee routine of the program. 

14. The machine-readable medium of 
claim 13, wherein the method comprises: 
modifying the program to expand a 
register set for a caller routine that is 
to call the callee routine. 

15. The machine-readable medium of 
claim 14, wherein the modifying the 
program to expand a register set for 
the callee routine comprises modifying 
the program to expand a register set 
that includes one or more registers of 
the register set for the caller routine. 

18. The machine-readable medium of 
claim 10, wherein the method comprises: 
modifying the program to store and/or 
use data in one or more registers added 
to the register set to help analyze 
execution of the program. 

19. A system comprising: 

a processor to execute instructions; 



For the feature of claim 10 see claim 10 
rejection. For the rest of the features 
see claim 2 rejection. 



For the feature of claim 10 see claim 10 
rejection. For the rest of the features 
see claim 4 rejection. 



For the feature of claim 13 see claim 13 
rejection. For the rest of the features 
see claim 5 rejection. 



For the feature of claim 14 see claim 14 
rejection. For the rest of the features 
see claim 6 rejection. 



For the feature of claim 10 see claim 10 
rejection. For the rest of the features 
see claim 9 rejection. 



Same as claim 10 rejection. 
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and 

a medium having instructions to analyze 
one or more instructions of a program 
and to modify the program to expand a 
register set for a routine in the 
program. 

20. The system of claim 19, the medium 
having instructions to identify one or 
more register moves for the expanded 
register set and to modify the program 
to perform the identified one or more 
register moves. 

22. The system of claim 19, the medium 
having instructions to modify the 
program to expand a register set for a 
callee routine of the program. 

23. The system of claim 22, the medium 
having instructions to modify the 
program to expand a register set for a 
caller routine that is to call the callee 
routine. 

24. The system of claim 23, the medium 
having instructions to modify the 
program to expand a register set that 
includes one or more registers of the 
register set for the caller routine. 



For the feature of claim 19 see claim 19 
rejection. For the rest of the features 
see claim 2 rejection. 



For the feature of claim 19 see claim 19 
rejection. For the rest of the features 
see claim 4 rejection. 

For the feature of claim 22 see claim 22 
rejection. For the rest of the features 
see claim 5 rejection. 



For the feature of claim 23 see claim 23 
rejection. For the rest of the features 
see claim 6 rejection. 



6. Claims 3, 12 and 21 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over US2003/0079210, by Peter Markstein et al. (hereinafter 
"Markstein"), in view of ' An Experimental Study of Several Cooperative Register 
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Allocation and Instruction Scheduling Strategies ', International Symposium on 
Microarchitecture, Proceedings of the 28 th annual international symposium on 
Microarchitecture, pages 169-179, 1995; by Cindy Norris and Lori L. Pollock, 
(hereinafter "Pollock"), and further in view of U.S. Patent No. 5, 644,709 by Todd 



Michael Austin (hereinafter "Austin"). 
CLAIM 

3. The method of claim 2, wherein the 
identifying comprises: 

(a) defining one or more move chains 
for the expanded register set, and 

(b) identifying a sequence of one or 
more register moves based on the 
defined one or more move chains. 



Markstein / Pollock / Austin 

For the feature of claim 2 see claim 2 
rejection. In Pollock page 169, under 
'Introduction', "Register allocation 
techniques are either local, global, or 
interprocedural depending on whether 
the allocator attempts an assignment of 
registers to values within basic blocks 
{chain) in isolation of other basic blocks, 
across basic blocks of a procedure, or 
across procedure boundaries, 
respectively." The 'identifying register' 
feature is the 'register allocation' 
recited in Pollock's prior art, see claim 
rejection 1. Pollock teaches register 
allocation of claim 3, but he does not 
mention 'move chain' specifically, 
however, Austin teaches it in an 
analogous prior art. In Austin column 7, 
lines 19-26, "A call-chain is the state of 
the stack at some point in a program's 
execution; it is composed of a sequence 
of function names; functions higher in 
the call-chain call (possibly indirectly) 
the functions lower in the call chain; 
neighbors in the call-chain share a 
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12. The machine-readable medium of 
claim 11, wherein the identifying 
comprises: 

(a) defining one or more move chains 
for the expanded register set, and 

(b) identifying a sequence of one or 
more register moves based on the 
defined one or more move chains. 

21. The system of claim 20, the medium 
having instructions to define one or 
more move chains for the expanded 
register set and to identify a sequence 
of one or more register moves based on 
the defined one or more move chains. 



direct caller-callee relationship. A 
partial call-chain is a subset of the 
current complete call-chain, usually 
taken from the bottom of the complete 
call chain; partial call-chains are usually 
employed to reduce storage 
requirements." 

It would have been obvious to a person 
of ordinary skill in the art at the time of 
the invention was made to supplement 
Markstein's and Pollock's disclosures of 
the analyzing program and expanding 
registers by call chain taught by Austin, 
for the purpose of adjusting the 
appropriate counts at calls (Austin 
column 7, lines 34-35) thus no callee 
routine would be left out during a 
program rearrangement. 

For the feature of claim 11 see claim 11 
rejection. For the rest of the features 
see claim 3 rejection. 



For the feature of claim 20 see claim 20 
rejection. For the rest of the features 
see claim 3 rejection. 
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7. Claims 7, 8, 16, 17, 25-27 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over US2003/0079210, by Peter Markstein et al. (hereinafter 
"Markstein"), in view of ' An Experimental Study of Several Cooperative Register 
Allocation and Instruction Scheduling Strategies ', International Symposium on 
Microarchitecture, Proceedings of the 28 th annual international symposium on 
Microarchitecture, pages 169-179, 1995; by Cindy Norris and Lori L. Pollock, 
(hereinafter tt Pollock"), and further in view of U.S. Patent No. 6,256, 777 by 
William B. Ackerman (hereinafter "Ackerman"). 



CLAIM 

7. The method of claim 5, comprising: 

(a) identifying one or more register 
moves for the register set of the caller 
routine; and 

(b) modifying the program to perform 
the identified one or more register 
moves prior to or upon returning from 
the callee routine to the caller routine. 



Markstein / Pollock / Ackerman 

For the feature of claim 5 see claim 5 
rejection. Markstein and Pollock teach 
program analysis and register allocation 
of claim 5, but he does not mention 
'modifying the program 1 specifically, 
however, Ackerman teaches it in an 
analogous prior art. In Ackerman, column 
2, lines 40-44, 11 information that 
identifies changes of variable value 
assignments to registers at plural steps 
of program. The information further 
includes data that identifies any change 
of sequence of machine code 
instructions from the sequence of 
source code statements that gave rise 
to the machine code instructions." 
It would have been obvious to a person 
of ordinary skill in the art at the time of 
the invention was made to supplement 
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8. The method of claim 5, comprising: 

(a) identifying a register move from a 
register added to the register set for 
the caller routine to a register added to 
the register set for the callee routine; 
and 

(b) modifying the program to perform 
the identified register move. 

16. The machine-readable medium of 
claim 14, wherein the method comprises: 

(a) identifying one or more register 
moves for the register set of the caller 
routine; and 

(b) modifying the program to perform 
the identified one or more register 
moves prior to or upon returning from 
the callee routine to the caller routine. 



Markstein's and Pollock's disclosures of 
the analyzing program and expanding 
registers by changing the program 
sequence taught by Ackerman, for the 
purpose of rendering the machine code 
into a more efficiently executing 
program. (Ackerman column 1, lines 30- 
31). 

For the feature of claim 5 see claim 5 
rejection. For the rest of the feature in 
claim 8 see claim 7 rejection. 



For the feature of claim 14 see claim 14 
rejection. For the rest of the features 
see claim 7 rejection. 



17. The machine-readable medium of 
claim 14, wherein the method comprises: 

(a) identifying a register move from a 
register added to the register set for 
the caller routine to a register added to 
the register set for the callee routine; 
and 

(b) modifying the program to perform 



For the feature of claim 14 see claim 14 
rejection. For the rest of the features 
see claim 8 rejection. 
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the identified register move. 



25. The system of claim 23, the medium 
having instructions to identify one or 
more register moves for the register 
set of the caller routine and to modify 
the program to perform the identified 
one or more register moves prior to or 
upon returning from the callee routine 
to the caller routine. 



For the feature of claim 23 see claim 23 
rejection. For the rest of the features 
see claim 7 rejection. 



26. The system of claim 23, the medium 
having instructions to identify a register 
move from a register added to the 
register set for the caller routine to a 
register added to the register set for 
the callee routine and to modify the 
program to perform the identified 
register move. 

27. The system of claim 19, the medium 
having instructions to modify the 
program to store and/or use data in one 
or more registers added to the register 
set to help analyze execution of the 
program. 



For the feature of claim 23 see claim 23 
rejection. For the rest of the features 
see claim 8 rejection. 



For the feature of claim 19 see claim 19 
rejection. For the rest of the features 
see claim 9 rejection. 



Conclusion 

The following summarizes the status of the claims: 
35 USC § 103 claim rejection: 1-27. 
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Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Chih-Ching Chow whose telephone number is 
571-272-3693. The examiner can normally be reached on 7:00am - 3:30pm. 

If attempts to reach the exammer by telephone are unsuccessful, the 
examiner's supervisor, Tuan Dam can be reached on 571-272-3695. The fax phone 
number for the organization where this application or proceeding is assigned is 
703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR 
only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR system, 
contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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